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LABORATORY  STUDIES  ON  BIODEGRADATION  OF  ORGANICS 
IN  SOUTH  TANK  FARM  PLUME  AQUIFER  SAMPLES 

Biodegradation  of  Organics  in  STFP 
J.  P.  Salanitro,  H.  L.  Wisniewski 


gummary :  Bioremediation  of  organics  in  nutrient-amended 
groundwater  has  been  successful  for  aromatic  hydrocarbons  like 
benzene,  toluene,  and  xylenes.  These  compounds  are  present  in 
the  RMA  South  Tank  Farm  Plume  (STFP)  including  dicyclopentadiene 
and  bicycloheptadiene.  A  project  work  plan  has  been  developed  to 
study  natural  and  enhanced  microbial  degradation  of  these 
compounds  in  aquifer  cores  from  the  STFP.  Laboratory  screening 
experiments  will  be  performed  in  soil-groundwater  microcosms 
supplemented  with  oxygen  and/or  nutrients. 

Background ;  An  examination  of  the  literature  on  the 
biodegradation  of  aromatic  hydrocarbons  such  as  benzene,  toluene, 
xylenes,  and  chlorobenzene  indicates  that  these  are  readily 
metabolized  by  a  wide  variety  of  naturally— occurring  bacteria  and 
fungi  in  soils  (Gibson,  1984) .  Initial  enzymatic  attack  on  the 
ring  is  through  cis-diol  formation  (oxygenases) ,  followed  by  ring 
opening  and  oxidation  to  a  dicarboxylic  acid  derivative.  This 
acid  is  further  metabolized  to  CO  through  one  or  more  metabolic 
pathways  (e.g.,  citric  acid  cycle)  in  the  cell.  Half-life  values 
for  the  degradation  of  these  hydrocarbons  in  soil,  groundwater, 
or  bacterial  cultures  varies  from  0.5-15%/day  at  BTX 
concentrations  of  0.01-50  ppm  in  laboratory  studies  (Table  1). 
These  rates  are  somewhat  higher  than  those  obtained  from  field 
estimations  (about  1%/day)  where  natural  unassisted  degradation 
occurs.  This  suggests  that  soils  may  have  a  large  capacity  to 
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metabolize  high  levels  of  aromatic  hydrocarbons  and  factors  such 
ssration,  nutrients,  and  diverse  soil  microbe  populations  may 
be  important  in  stimulating  rapid  and  extensive  depletions. 

No  data  exists  in  the  literature  on  the  biodegradation  of  the 
cycloalkenes,  dicyclopentadiene  (DCPD)  and  bicycloheptadiene 
(BCHPD) ,  in  soils  or  cultures.  These  compounds  may  be 
biotransformed  like  the  drins-type  hydrocarbons,  dieldrin  and 
endrin,  because  of  their  similarity  in  structure.  Enzymatic 
attack  would  be  through  the  formation  of  epoxide,  alcohol, 
ketone,  or  carboxylic  acid  derivatives.  The  potential  for 
enhanced  degradation  of  these  cycloalkenes  needs  to  be  assessed 
in  laboratory  soil  screening  tests  with  nutrient  and  inoculum 
amendments.  Chlorobenzene  is  most  likely  degraded  similarly  to 
benzene  and  higher  biotransformation  rates  (6%/day)  with  20  and 
660  ppm  have  been  observed  with  cultures  of  soil  and  sewage 
bacteria.  These  are  also  higher  than  those  observed  in 
unstimulated  soils  (0.4  and  1. 6%/day). 

Project  Description  for  Laboratory  Screening  Program:  The  basic 
features  of  a  microbiological  and  analytical  experimental 
protocol  to  determine  the  potential  for  bioremediation  of 
aromatic  hydrocarbons,  cycloalkenes  (DCPD,  BCHPD),  chlorobenzene 
and  chloroform  in  groundwater  at  initial  levels  of  100  ppb-50  ppm 
through  nutrient  amendments  are; 

1)  Devise  appropriate  lab  test  systems  to  assess 
hydrocarbon  degradation.  (See  Figure  1.) 

2)  Verify  analytical  methods  (extraction  techniques  and 
gas  chromatography)  for  recovery  and  identification  of 
hydrocarbons  from  groundwater. 
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3)  Determine  upper  concentration  limits  (threshold)  for 
degradation  and/or  inhibition. 

4)  Determine  degradation  rates  by  natural  groundwater 
microbial  populations  in  the  presence  of  O2  (or  H2O2) 
and  nutrient  (N,  P,  Fe)  amendments. 

5)  Determine  total  numbers  of  viable  aerobic  and  anaerobic 
bacteria  in  STFP  cores. 

Project  Timing;  These  experiments  are  scheduled  to  begin  in  the 
fourth  quarter,  1990  and  continue  into  1991.  Preliminary  results 
should  be  available  by  second  quarter  1991  depending  on  how 
rapidly  the  degradation  occurs. 
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TABLE  1 

SUMMARY  OF  BIODEGRADATION  nflTA 


Compound 

Concentration 

tested,  Dom 

Test  System*^ 

Degradation 

Benzene 

1.8*2. 4 

Soil/GW 

(field) 

0.07-1.1 

Toluene 

1.8-2. 6 

Soil/GW 

(field) 

1.4 

0.01-5 

Soil/GW 

7-33 

Xylenes 

0.05-5 

Soil/GW 

2.5-71 

.01-5 

Soil/GW 

7-50 

20 

Soil 

(denitrifying) 

16 

BTX 

1-56 

Various 

cultures 

12.5 

Chlorobenzene 

1 

Soil 

1.6 

20 

Soil 

0.4 

660 

Soil/sewage 

isolate 

14 

20 

Nocard i a/ 
Pseudomonas 

6-10 

OicyclopentadieneKi 

(DCPD)  .0) 

Bicycloheptadlene 

(BCH) 
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Figure  1 

Experimental  Soil  Microcosms  and  Analysis 


